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(54) Thermally conductive silicone rubber composition 

(57) A thermally conductive silicone rubber composition comprising (A) a curable orgianopolyslloxane, (B) a curing 
agent, and (C) a thermally conductive fliier surface treated with (D) a sllalkylens oiigoslioxane described by formula 



-Si- 



S\[0R\ 



where R1 is a monovalent hydrocarbon group comprising at least 2 carbon atoms that does not liave aliphatic unsatu- 
rated bonds, each Is an independently selected motiovaient hydrocarbon group comprising 1 to 10 carbon atoms 
that does not have aitphatk: unsaturated bonds, Is an alkyiene group comprising at least 2 carbon atoms, R* is an 
alkyi group, subscript a Is an integer of 0 to 2 and subsrarlpt i) is an integer of 1 to 3. with the proviso that a+b Is an 
Integer of 1 to 3, subscript c Is an Integer of 1 to 3, and subscript n is an integer of 0 orl . The thenrtally conductive 
filler nrtay be treated with component (D) prior to addition to the present composition or may be treated In situ. 
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Description 

[0001] The present invention relates to a thermally conductive silicone rubber composition, and more specifically to 
a thermally conductive silicone rubber composition exhibiting excellent handling properties and moidabllity even when 
a large amount of thermally conductive filler is introduced therein in order to form a highly thermally conductive silicone 

rubber. 

[0002] In recent years, following an increase in the density and In the degree of integration of hybrid ICs and printed 
circuit boards, on which transistors, ICs, memory elements, and other electronic components are mounted, various 
thermally conductive silicone rubbers have been used in order to facilitate the dissipation of heat therefrom. 
[0003] Japanese Laid-Open Patent Application Publication No. Sho 61 (1 986)-1 57569 describes a thermally conduc- 
tive silicone rubber composition consisting of an organopolysiloxane containing vinyl groups, an organohydrogenpolysi- 
loxane, a thermally conductive filler, an adhesion promoter selected from aminosilane, epoxysilane, and all<yl titanate, 
and a platinum catalyst. 

[0004] Japanese Lald-Opsn Patent Application Publication No. Sho 62(1 987)-1 84058 describes athermally conduc- 
tive silicone rubber composition consisting of an organopolysiloxane containing an average of al least two ali<enyl 
groups per molecule, an organopolysitoxane containing an average of three or more silicon-bonded hydrogen atoms 
per molecule, a thermally conductive filler consisting of zinc oxide and magnesium oxide, a filler treating agent, and a 
platinum catalyst. 

[0005] Japanese Laid-open Patent Application Publication No. Sho 63(1988)-251 466 describes a thermally conduc- 
tive silicone rubber composition consisting of an organopolysiloxane containing at least 0.1 mol% of aikenyl groups 
per molecule, an organohydrogenpolysilcxane containing at least two silicon-bonded hydrogen atoms per molecule, 
a spherical alumina powder With an average particle size of from 1 0 jim to 50 jim, a spherical or non-spherical alumina 
powder with an average particle size of less than 10 ^m, and platinum or a platinum compound. 
[0006] Japanese Laid-Open Patent Application Publication No. Hel 02(1 991 )-041 362 a thermally conductive silicone 
rubber composition consisting of an organopolysiloxane containing aikenyl groups, an organohydrogenpolysiloxane, 
an amorphous alumina powder with an average particle size of from 0.1 (im to 5 |xm, a spherical alumina powder with 
an avoiage particle size of from 5 (xm to 50 p.m, and a platinum catalyst. 

[0007] Japanese Laid-Open Patent Application Publication No. Hei 02(1991)-041362 describes a themially conduc- 
tive silicone rubber composition consisting of an organopolysiloxane containing at least two silicon-bonded aikenyl 
groups per molecule, an organohydrogenpolysiloxane containing at least three silicon-bonded hydrogen atom's per 
molecule, a thermally conductive filler with an average particle size of from 5 urn. to 20 jim, an adhesion promoter, and 
platinum or a platinum compound 

[0008] In such thermally conductive silicone rubber compositions however the amount of. the thermally conductive 
filler In the thermally conductive silicone rubber composition must be significant in order to form a highly thermally 
conductive silicone rubber, as a result of which their handling properties end moidabllity deteriorated. 
[0009] It is an object of the present Invention to provide a thermally conductive silicone rubber composition exhibiting 
excellent handling properties and moidabllity even when a large amount of thermally conductive filler is introduced 
therein in order to form a highly thennally conductive silicone rubber. 

[001 0] A thermally conductive silicone rubber composition comprising (A) a curable organopolysiloxane, (B) a curing 
agent, and (C) a thermally conductive filler surface treated with (D) a silalkylene ollgosiloxane described by formula 




where R"" Is a monovalent hydrocarbon group comprising at least 2 carbon atoms that does not have aliphatic unsatu- 
rated bonds, each is an independently selected monovalent hydrocarbon group comprising 1 to 10 carbon atoms 
that does not have aliphatic unsaturated bonds, is an alkylene group comprising at least 2 carbon atoms, R* is an 
alkyl group, subscript a is an integer of 0 to 2 and subscript i) is an Integer of 1 to 3, with the proviso that a+b is an 
integer of 1 to 3, subscript c is an integer of 1 to 3, and subscript n is an integer of 0 or 1 . The themnaliy conductive 
filler may be treated with component (D) prior to addition to the present composition or may be treated In situ. 
[001 1 ] A thennaliy conductive silicone rubber composition comprising (A) a curable organopolysiloxane, (B) a curing 
agent, and (0) a thermally conductive filler surface treated with (D) a silalkylene ollgosiloxane described by formula 
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wberB R' is a monovalent hydrocarbon group comprising at least 2 carbon atoms that does not have aliphatic unsatu- 
rated bonds, each R2 is an independently selected monovalent hydrocatbon group comprising 1 to 10 carbon atoms 
that does not have aliphatic unsaturated bonds, R3 Is an alltylene group comprising at least 2 carbon atoms, R* is an 
alkyi group, subscript a is an integer of 0 to 2 and subscript b is an integer of 1 to 3, with the proviso that a+b is an 
integer of 1 to 3, subscript c is an integer of 1 to 3, and subscript n is an integer of 0 or 1 . The thermaiiy conductive 
fiiler may be treated with component (D) prior to addition to the present composition or may be treated in situ. 
[0012] The thermally conductive siiicone rubber composition of the present invention is a themiaily conductive sili- 
cone rubber composition comprising (A) a curable organopolysiloxanG, (B) a curing agent, and (C) a thermaiiy con- 
ductive filler, in which the surface of component (C) has been treated with (D) a silailcylene oiigosiloxane; or a thermaiiy 
conductive siiicone rubber composition comprising component (A), conrponent (B), component (C), and (D), 
[0013] There are no limitations concerning the cure method of the present composition. The cure metiiod can be, 
for example, a hydroellation reaction, a condensation reaction, or a free radical reaction. The prefen'ed cured method 
Is selected from the group consisti of a hydrosllatlon reaction, a condensation reaction, and a combination of hydrosi- 
ietlon and condensation reaction. 

[0014] The curable organopolysiloxane of componont (A) is the main ingredient of the present composition and if 
the present composition is hydrosllatlon reaction curable it is an organopolysiloxane that has an average of not less 
than 0.1 silicon-bonded aikenyi groups per molecule, preferably an organopolysiloxane that has an average of not less 
than 0,& silicon-bonded alkenyl groups per molecule, and especially preferably an organopolysiloxane that has an 
average of not less than 0.8 silicon-bonded aikenyi groups per molecule. This Is due to the fact that when the average 
number of silicon-bonded aikenyi groups per molecule is below the lower limit of the above-mentioned range, the 
resultant composition may fail to cure complslsly. Vinyl, ellyi, butenyl, pentenyl, and hexenyl are suggested as the 
silioon-bonded alkenyl groups in the organopolysiloxane, with vinyl being preiferable. In addition, methyl, ethyl, prupyl, 
butyl, pentv^, hexyi, and other alkyI groups; cyclopentyl, cyclohexyl, and other cycloalkyi groups; phenyl, tolyl, xyiyt, 
and other aryl groups; benzyl, phenethyl, and other aralkyi groups; and 3,3,3-trifluoropropyi, 3-chloropropyl, and other 
haiogenated alkyi groups are suggested as eocamples of groups bonded to silicon atoms besides the aikenyi groups 
in the organopolysiloxane; preferably, these are alkyI groups and aryl groups, and particularly preferably methyl and 
phenyl. In addition, there are no limllations concerning the viscosity of the organopolysiloxane, however preferably its 
viscosity at S5»C Is 50 )d 100,000 mPa-s, and more preferably 100 to 50,000 mPa-s. This is due to the fact that when 
the viscosity of component (A) at 25'C Is below the lower limit of the above-mentioned range, the physical properties 
of the resultant silicone rubber tend to markedly deteriorate, and when it exceeds the upper limit of the above-mentioned 
range the handling properties of the resultant^lllcone rubber composlflon tend to markedly deteriorate. There are no 
limitations concerning the molecular structure of such an organopolysiloxane, and, for example, linear, branched, par- 
tially branched linear, or dendritic structures are suggested, with the linear and partially branched linear structures 
being preferable. In addition, the organopolysiloxane may be a polymer having one of the above molecular structures, 
a copolymer consisting of such molecular structures, or a mixture of such polymers. 

[0015] Examples of such organopolysiloxanes include dimethylpolysiloxane tiaving both terminal ends of the molec- 
ular chain blocked by dimethylvlnylslloxy groups, dimethylpolysiloxane having both terminal ends of the molecular 
c^ain blocked by methylphGny^inylslloxy groups, copolymer of methylphenyisiloxane and dimethylsiioxane having 
both terminal ends of the molecular chain blocked by dimethylvinylsiloxy groups, copolymer of melhyivinylsiioxane and 
dinlethylslloxane having both terminal ^ds of the molecular chain blocked by dimethylvinylsiloxy groups, copolymer 
of methylvinyisiioxane and dimethylsiioxane having both terminal ends of the molecular chain blocked by trfmethylslloxy 
groups, methyl(3,3,3-trifluoropropyl)polyslloxane having both temilnal ends of the molecular chain blocked by dimeth- 
ylvinylsiloxy groups, copolymer of methylvinyisiioxane and dimethytsiloxane having both terminal ends of the molecular 
chain blocked by siianol groups, copolymer of methylphenyisiloxane - methylvinyisiioxane - dimethytsiloxane having 
both terminal ends of the molecular chain blocked by siianol groups, and copolymer consisting of siloxane units rep- 
resented by formulas (CH3)3SiO,^, (CH3)2(CH2=CH)SiOi;g, CHgSiOaa, and (CH3)2SI02ffi. 
[0016] In addition. If the present composition is a condensation reaction curable composition, the curable organop- 
olysiloxane of component (A) has at least two siianol groups or silicon-bonded hydrolyzabie groups per molecule. 
Methoxy,ethoxy,piDpoxy, and other aikoxy groups; vinyloxy, and other alkenoxy groups; methoxyethoxy, ethoxyethoxy, 
methoxypropdxy, and other alkoxyalkoxy groups; acetoxy, octanoyloxy, and other acyioxy groups; dimethylketoxime, 
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methylethylketoxime and other ketoxime groups; isopropenyloxy, 1-ethyl-2-nnethylvinyloxy, and other alkenyloxy 
groups; dimethylamino, diethylamino. butyiamino, and other amino groups; dimethylaminoxy, diethylaminoxy, and other 
aminoxy groups; and N-methylacetoamido, W-ethylacetoamido, and other amido groups are suggested as examples 
of the silicon-bonded hydrolyzable groups of the organ opolysiloxane. in addition, methyl, ethyl, propyl, and other aikyi 

5 groups; cyclopentyi, cyclohexyl. and other cycloalkyi groups; vinyl, allyl, and other alkenyi groups; phenyl, naptithyl, 
and other aryl groups; and 2-phenylGthyl and other aralkyi groups are suggested as examples of groups bonded to 
silicon atoms other than the silicon-bonded hydrolyzable groups or silanol groups in the organopolysiloxane. 
[0017] There are no limitations concerning the viscosity of the organopolysiloxane, however preferably its viscosity 
at 25°C is within a range of from 20 mPa-s to 100,000 mPa-s, and especially preferably within a range of from 100 

10 mPa-s to 1 00,000 mPa^s. This is due to the fact that when the viscosity of component (A) at 25°C is below the lower 
limit of the above-mentioned range, there is a marked deterioration in the physical characteristics of the resultant 
silicone rubber, and when it exceeds the upper limit of the above-mentioned range the handling properties of the 
resultant sifcone rubber composition tend to deteriorate. 

[0018] There are no limitations concerning the molecular structure of the organopolysiloxane, and for example sug- 
is gested are linear, partially branched linear, branched, cyclic, and dendritic structures, with linear structures being pref- 
erable. Examples of this type of organopolysiloxane include dimethylpolysiloxane having both terminal ends of the 
molecular chain blocked by ellanol groups, copolymer of methylphenylslloxane and dimethyiaiioxane having both ter- 
minal ends of the molecular chain blocked by silanol groups, dimethylpolysiloxane having both terminal ends of the 
molecular chain blocked by trimethoxysiloxy groups, copolymer of methylphenylslloxane dimethylsiloxane having both 
so tenminal ends of the molecular chain blocked by trimethoxysilyl groups, dtmethylpolysiloxane having both terminal ends 
of the molecular chain blocked by methyldimethoxysiloxy groups, dimethylpolysiloxane having both terminal ends of 
the molecular chain blocked by triethoxysiloxy groups, and dimethylpolysiloxane having both terminal ends of the 
molecular chain blocked by trlmethoxysilyiethyi groups. 

[001 9] When the present composition is a free radical reaction curable composition there are no limitations concern- 

« ing the curable organopolysiloxane of component (A), but preferably component (A) is an organopolysiloxane having 
at least one silicon-bonded alkenyi group per molecule. Vinyl, allyl, butenyl, pentenyl, and hexenyl are suggested as 
examples of the silicon-bonded alkenyi groups of the organopolysiloxane, with vinyl being preferable. In addition, me- 
thyl, ethyl, propyl, butyl, pentyl, hexyl, and other alkyi groups; cyclopentyi, cyclohexyl, and other cycloalkyi groups; 
phenyl, tolyl, xylyl, and other aryl groups; benzyl, phenethyl, and other aralkyi groups; and 3,3,3-trifiuoropropyl, 3-chlo- 

30 ropropyl, and other halogenated alkyI groups are suggested as groups other than the alkenyi groups thai are bonded 
to silicon atoms in the organopolysiloxane; preferably, these are alkyI and aryl groups, and especially preferably, methyl 
and phenyl. In addition although there are no limitations concerning the viscosity of the organopolysiloxane, however 
Itsvlscosity at ae^C is preferably within a range of from 50 mPa-s to 100,000 mPa^s and even more preferHblywrfthin 
a range of from 1 00 mPa-s to 50,000 mPa«. This is due to the fact that when the viscosity of component (A) at 25*C 

35 Is below the lower limit of the above-mentioned range there Is a marked deterioration in terms of the physical oharac- 
tel-lstlcs of the resultant silicone rubber, and when it exceeds the upper limit of the above-mentioned range the handling 
properties of the resultant silicone rubber composition tend to conspicuously deteriorate. 
[0020] There are no limitations concerning the molecular structure of ttie organopolyaltoxane, and for example sug- 
. gestdd are linear, branched, partially branched linear, and dendritic structures, with linear and partially branched linear 

40 structures being preferable. In addition, the organopolysiloxane may be a polymer having one of the above molecular 
structures, a copolymer consisting of such structures, or a mixture of such polymers. Examples of such organopolysi- 
loxane include dimethylpolysiloxane having both terminal ends of the molecular chain blocked by dlmethylvinylsiloxy 
groups, dimethylpolysiloxane having both terminal ends of the molecular chain blocked by methylphenylvinylslloxy 
groups, copolymer of methylphenylslloxane and dimethylsiloxane having both terminal ends of the molecular chain 

45 blocked by dlmethylvinylsiloxy groups, copolymer of methylvinyisiloxane and dimethylsiloxane having both terminal 
ends of the molecular chain blocked by dlmethylvinylsiloxy groups, copolymer of mathylvinylsitoxane and dimethylsi- 
loxane having both terminal ends of the molecular chain blocked by trimethylsiloxy groups, methyl{3,3,3-trifluoropropyl) 
poiysiloxane having both terminal ends of the molecular chain blocked by dlmethylvinylsiloxy groups, copolymer of 
methylvinyisiloxane and dimethylsiloxane having both terminal ends of the molecular chain blocked by silanol groups, 

50 copolymer of methylphenylslloxane - methylvinyisiloxane • dimethylsiloxane having both terminal ends of the molecular 
chain blocked by silanol groups, and copolymer consisting of slloxane units represented by fomriulas (01-13)38101/2. 
(CH3)2(CH2=CH)SiOia, CHaSiOgffi. and (CH3)2SiOa2. 

[0021] if the present composition is hydrosilation reaction curable, the curing agent of component (B) consists of a 
platinum catalysl and an org^inopolysiioxane having an average of no fewer than 2 silicon-bonded hydrogen atoms 
55 per rinolecule. Methyl, ethyl, propyl, butyl, pentyl, hexyl, and other alkyI groups; cyclopentyi, cyclohexyl, and other 
cycloalkyi groups; phenyl, tolyl, xylyl, and otheraryl groups; benzyl, phenethyl, and other aralkyi groups; and 3,3,3-tri- 
fluoropropyl, 3-chloropropyl, and other halogenated alkyi groups are suggested as examples of groups bonded to 
silicon atoms in the organopolysiloxane; preferably these are alkyl and aryl groups and especially preferably methyl 



4 
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and phenyl. In addition although there are no limitations concerning the viscosity of the organopolysiioxane, its viscosity 
at 25°C Is preferably 1 mPa-s to 1 00,000 mPa-s, and especially preferably 1 mPa-s to 5,000 mPa-s. 
[0022] There are no limitations concei-ning the molecular structure of such an organopolysiioxane having silicon 
bonded hydrogen atoms and for example, linear, branched, partially branched linear, cyclic, or dendritic structures are 
suggested. The organopolysiioxane may be a polymer having one of the above molecular structures, a copolymer 
consisting of such molecular structures, or a mixture thereof. Examples of this type or organopoiysitoxane having 
silicon-bonded hydrogen atoms include dimethylpotysiloxane having both terminal ends of the molecular chain blocked 
by dimethylhydrogensiloxy groups, copolymer of methylhydrogensiloxane and dimethylsiloxane having both terminal 
ends of the molecular chain blocked by trimethylsiloxy groups, copolymer of methylhydrogenslloxane and dimethylsi- 
loxane having both terminal ends of the molecular chain blocked by dimethylhydrogensiloxy groups, and organosl- 
loxane copolymer consisting of siloxane units represented by flie formulas (CH3)3SiOi;g, (CHajjHSiOj/a, and SIO^^j. 
[0023] In the present composition, the content of the organopolysiioxane having silicon-bonded hydrogen atoms is 
such that Ihe amount of the silicon-bonded hydrogen aloms of Is 0.1 to 1.5 mol per 1 mol of the silicon-bonded alkenyl 
groups of component (A). This is due to the fact that when the content of silicon-bonded hydrogen atoms Is below the 
lower limit of the above-mentioned range. Ihe resultant silicone rubber composition falls to cure completely, and when 
It exceeds the upper limit of the above-mentioned range the resultant silicone rubber becomes extremely hard and a 
large number of cracks appears on its surface. 

[0024J In addition, the platinum catalyst is a catalyst that promotes the cure of the present composition, with chloro- 
platinic acid, alcohol solutions of chloroplatinic acid, olefin complexes of platinum, alkenylsiloxane complexes of plat- 
inum, and carbonyl complexes of platinum suggested as examples thereof. 

[0025] In the present Invention, the content of the platinum catalyst is such that the amount ol platinum metal by 
weight relative to component (A) Is 0.01 to 1 ,000 ppm, and preferably 0.1 to 500 ppm. This is due to the fact that when 
the content of platinum metal is below the lower limit of the above-mentioned range the resultant silicone rubber com- 
position may fall to completely cure, and even If an amount exceeding the upper limit of the above-mentioned range 
Is added the cure rate of the resultant silicone rubber composition does not Improve. 

[0026] If the present composition Is a condensation reaction curable composition, component (B) Is characterized 
by consisting of a silane having at least three silteon-bonded hydrolyzSble groups per molecule or a hydrolyzate thereof 
and If necessary a condensation reaction catalyst. Methoxy, ethoxy, propoxy, and other alkoxy groups; vinyloxy, and 
other alkenoxy groups; methoxyethoxy, ethoxyethoxy, methoxypropoxy, and other alkoxyalkoxy groups; aceloxy, oc- 
tanoyioxy, and other acyloxy groups; dlmethylketoxime, methylethylketoxime and other keloxime groups; Isopropeny- 
loxy, 1-ethyl-2-methylvlnyloxy, and other alkenyloxy groups; dimethylamino, diethylamino, butylamino, and other amino 
groups; dimethylamlnoxy, dlelhylarnlnoxy, and other aminoxy groups; and N-melhylaceloamido, N-ethylacetoamldo, 
and other amido groups are suggested as examples of the silicon-bonded hydrolyzabfe groups of thesilane. In addition, 
monovalent hydrocarbon groups may be bonded to the siiane, with methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyli 
ootyl, nonyl, ddcyl, oetadecyl, and other alkyi groups; cyclopentyl, cyclohexyl, and other cycloalkyi groups; vinyl, allyli 
and other alkenyl graups; phenyl, tolyl, xylyl, and other aryl groups; benzyl, phenethyl, phenylpropyl, and other aralkyi 
groups; and 3-chloropropyl, 3.3,3-trlfluoropropyl and other halogenated alkyI groups suggested as such monovalent 
hydrocarbon groups. Methyltriethoxysilane, vinyltriethoxysilane, vinyltriacetoxysilane, and ethyl orthosllicate are sug- 
gested as examples of such sllanes or partial tiydrolyzates thereof. 

[0027J In the present composition, the content of the sliahe or partial hydrolyzates thereof Is preferably 0.01 to 20 
parts by weight and 'especially preferably 0.1 to 10 parts by weight, per 100 parts by weight of component (A). This Is 
due to the fact that when the content of the sllanes or their partial. hydrolyzates is below the lower limit of the above- 
mentioned range, the storage stability of the resultant composition decreases and Its adhesive properties tend to de- 
teriorate, and when it exceeds the upper limit of the above-mentioned range the cure rale of the resultant composition 
tends to become significantly slower. 

[0028] A condensation reaction catalyst is an optional component, for example, when using a silane having aminoxy, 
amino, ketoxime, and other groups as a curing agent. Examples of such condensation reaction catalyst include 
tetrabutyl titanate, tetraisopropyi titanate, and other organic titanic acid esters; dllsopropoxybls(acetylacetate)tltanlum, 
dlisopropoxybis{ethylacetoaoetate)tltanium. and other organotitanium chelate compounds; aluminum tris(acetylacet- 
Ofiate), aluminum trl8(ethylacetoaoetate). and other organoalumlnum compounds; zirconium tetra{acetylacetonate), 
zirconium tetrabutylate. and other organozirconium compounds; dibutyltln dioctoate, dibutyltin dilaurate, butyltln- 
2-ethylhexoate, and other organotin compounds; tin naphthenate, tin oleate, tin butylate, cobalt naphthenate, zinc 
stearate, and other metal sails of organic carboxyllc acidfi; hexylamlne, dodecylamine phosphate, and other amine 
compounds andtheirsalts; benzyltriethylammonium acetate and other quaternary ammonium salts; potassium acetate, 
lithium nitrate, and other lower aliphatic acid salts of alkali metals; dimelhylhydroxylamlne, dielhylhydroxylamine, and 
other dialkylhydroxylamlne; and organosilicon compounds containing guanldyl groups. 

[002d]' Thecontent of the condensation reaction catalyst in the present composition Is not critical, however preferably 
It is 0.01 to 20 parts by weight and more preferably 0.1 to 10 parts by weight per 100 parts by weight of component 
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(A). The reason for this is that if the catalyst is a necessary component, the resultant composition may fail to cure 
completely when the content of the catalyst is below the lower limit of the above-mentioned range and the storage 
stability of the resultant composition may decrease when it exceeds the upper limit of the above-mentioned range. 
[0030] When the present composition is a tree radical reaction curable composition, component (B) is an organic 
5 peroxide. Benzoyl peroxide, dicumyl peroxide, 2,5-dimethylbis(2,5-f-bu1ylperoxy)hexane, di-?-buty) peroxide, and t- 
butyl perbenzoate are suggested as examples of the organic peroxides. The amount of added organic peroxide is 
preferably within a range of from 0.1 to 5 parts by weight per 100 parts by weight of the above-described organopol- 
ysitoxane of component (A), 

{0031 ] The thermally conductive filler of component (C) Imparts thermal conductivity to the resultant silicone rubber 
10 and Is exemplified by aluminum powder,"copper powder, nickel powder, and other metal powders; alumina powder, 
magnesium oxide powder, beryllium oxide powder, chromium oxide powder, titanium oxide powder, and other metal 
oxide powders; boron nitride powder, aluminum nitride powder, and other metal nitride powders; boron carbide powder, 
titanium carbide powder, silicon carbide powder, and other metal carbide powders, in particular, when electrical Insu- 
lating properties are required of the resultant silicone rubber, metal oxide powders, metal nitride powders, or metal 
IS carbide powders are preferable, with alumina powder being especially preferable. The above-mentioned powders can 
be used as the thermally conductive filler of component (C) singly or ae a combination of two or more powders. There 
are no limitations concerning the average particle size of component (C). tiowever preferably It is 0.1 \im to 100 \im. 
In addition when alumina powder is used as the thermally conductive filler of component (C), preferably a mixture of 
(C-1) a spherical alumina powder with an average particle size of from 5 ji, m to 50 jim and (C-2) a spherical or amor- 
phous alumina powder with an average particle size of from 0.1 ^m to 5 ^m Is used, and particularly preferably the 
mixture Is made up of 30 to 90 wt% of component (C-1) and 10 to 60 wt% of component (C-2). 
[0032) There are no limitations concerning the content of component (C) in the present composition, but In order to 
form a silicone rubber possessing excellent thermal conductivity preferably it is 500 to 2,500 parts by weight, nnore 
preferably 500 to 2,000 parts by weight, and especially preferably 800 to 2,000 parts by weight per 1 00 parts by weight 
25 of component (A). This is due to the fact that when the content of component (C) Is above the upper limit of the above- 
mentioned range, the thermally conductive filler precipitates and undergoes separation If the resultant silicone rubber 
composition Is stored over an extended period of time, and the thermal conductivity of the resultant silicone rubber 
may be insufficient when it exceeds the lower limit of the above-mentioned range. 

[0033] The present composition is characterized by a preparation process, in which the surface of the abova-men- 
30 tloned component (C) in a thermally conductive silicone rubber composition consisting of at least the above-mentioned 
component (A) to component (G) Is treated with the silalkylene oligosiloxane of component (D); or the silalkylene 
ollgoslloxane of component (D) Is Introduced Into a thermally conductive silicone rubber composition consisting of at 
least the above-mentioned component (A) to component (C). 

[0034] The silalkylene oligosiloxane of component (D) is a characteristic component, which Is used to Impart excellent 
35 handling properties ai)d moldabljlty to the present composition even if a large amount of thermally conductive filler of 
component (C) le Introduced Into the present composition In order to torrn a silicone rubber of high thennal conductivity, 
and Is described by foimula 



in the fonhula above le a monovalent hydrocarbon group comprising at least 2 carbon atoms that does not have 
aliphailc unsaturated bonds, preferably a monovalent hydrocarbon group comprising 6 to 20 carbon atoms that does 
not have aliphatic unsaturated bonds. Ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 

so tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, elcosyl, and other linear alkyl groups; 
2-methylundecyl, 1-hexylheptyl, and other branched alkyl groups; cyclododecyl, and other cyclic alkyl groups; 2- 
(2.4,6-trimethylphenyl)propyl, and other aralky! groups are suggested as examples of such monovalent hydrocarbon 
groups of Ri. Preferably R< is a linear alkyl group comprising 2 to 20 carbon atoms, and more preferably linear alkyl 
groups comprising 6 to 20 carbon atoms. Each R2 in the formula Is an independently selected monovalent hydrocarbon 

ss group comprising 1 to 10 carbon atoms that does not have aliphatic unsaturated bonds, for example methyl, ethyl, 
propyl, butyl, hexyl, decyl, and other linear alkyl groups; Isopropyl, terr-butyl, isobutyl, and other branched alkyl groups; 
cyolohexyi and other cyclic alkyl groups; phenyl, tolyl, icylyl, and other aryl groups; benzyl, phenethyl, and other aralkyl 
groups. Preferably is an alkyl group corr^rlslng 1 to 4 carbon atoms, and especially preferably methyl and ethyl. 



40 



■ 45 
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R3 m the above formula is an alkyi group comprising at least 2carbon atoms exemplified by methylm ethylene, ethylene, 
butylene, and hexylene. is preferably ethylene, methylmethylene, and hexylene, and especially preferably ethylene 
and methylmethylene, R'^ in the above formula is an alkyi group, lor example, methyl, ethyl, propyl, butyl, hexyl, decyl, 
and other linearalkyi groups; isopropyl, tert-butyi, isobutyl, and other branched alkyI groups; and cyclohexyl, and other 
5 cyclic alkyi groups, Preferably R"* Is an alkyI comprising 1 to 4 carbon atoms, and more preferably methyl and ethyl. 
In addition, in the above formula the subscript a is an Integer of 0 to 2, the subscript b is an Integer of 1 to 3, and a+b 
Is an integer of 1 to 3. Especially preferably, subscript a Is 2 and subscript b Is 1. In addition, the subscript c In the 
formula above is 1 to 3 and the subscript n is 0 or 1 . 

[0035] The silalkylene oligoslloxane of component (D) is exemplified by the following compounds: 

10 ■ 

CH3 CH3 OCH3 
C2H5-Si-0-Sj-C2H4-Si-OCH3 
CH3 CH3 OCH3 



CH3 CH3 OCH3 
C3H7-SI-0-Si~C2H4-Si-OCH3 
CH3 CH3 OCH3 



CHs 



OCH3 

CeHia-Si-O-Si-CzHrSi-OCHa 
CH3 CH3 OCH3 



CH3 CH3 OCH3 
CeHi7-Si-0-Si~C2H4-Si~0CH3 
CH3 CHj OCH3 



CH3 CHs 0CH3 
CioH2i-Si-0-Si~C2H4-Si-OCH3 
CH3 CH3 OCH3 



CH3 CH3 OCH3 
Ci2H2s-Si-O-Si-C2H4-Si-0CH3 
CH3 CH3 OCH3 
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CH3 CH3 OCH3 

C18H37— Si-0-Si-C2H4-Si-OCH3 
CH3 CH3 OCH3 



CH3 CH3 OC2H6 
CioH2i-Si-0-Si-C2H4-Si-OC2H5 
CH3 CH3 OC2H6 



CH3 CHg oCjHg 
Ci2H25-Si-0-Si-C2H4-Si-OC2H5 
CHa CH3 OC2H5 



CHaX CH3 CH3 OCH3 
'C10H21— Si- Oj-Si— 0~Si- C2H4- Si- OCH3 
\ CHa/g CH3 OCH3 



CHa N 'CHa CH3 pCHa 



(Ci2H25~ Si- 0 j- Si— 0- Si- C2H4- Si— OCH3 



CH3 / 2 CH3 0CH3 



CH3 CH3 / CH3 OCH3 
C10H21— Si-O" Si [ 0— Si— C2H4'- Si- OCH; 



CH3 \ 



1 I 
CHa OCH3 



CH3 CH3/ CH3 pCHa V 
Ci2H25-^'-0-Si— |o-^i-C2H4-St~OCHJ 
CH3 \ CH3 OCH3 

[0036] The process ussd for preparing the sllalkylene oligoslloxane of component (D) is exemplified by a process in 
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which a sllalkylene oligosiloxane containing silicon-bonded hydrogen atoms described by formula 



lo-Si-j-R3-Si(OR\ 
\ RVr, 



and a hydrocarbon compound having one aliphatic double bond per molecule are subjected to an addition reaction 
using a hydrosilation reaction catalyst. 

[0037] In the silalkylene oligosiloxane containing silicon-bonded hydrogen atoms, each in the above formula is 
an independently selected monovalent hydrocarbon group comprising 1 to lOcarbon atoms that does not have aliphatic 
unsaturated bonds and is exemplified by the same groups as those mentioned above, preferably these are alkyi groups 
comprising 1 to 4 carbon atoms. Preferably in this formula is methyl or ethyl. in the above formula is an alkylene 
group comprising at least 2 carbon atoms and is exemplified by the same groups as those mentioned above. From the 
standpoint of the ease of raw material procurement, R3 is preferably ethylene, methylmethylene, and hexyiene, with 
ethylene and methylmethylene being especially preferable. R* in the formula above is an alkyi group exemplified by 
the same groups as those mentioned above, preferably methyl or ethyl. In the fonnula above, the subscript a is an 
integer of 0 to 2, the subscript b Is an integer of 1 to 3, and a+b is an Int^er of 1 to 3. From the standpoint of the ease 
of raw hiaterlal procurement, as well as how easy it is to synthesize, it Is particularly preferable that subscript a be 2 
and the subscript b Ise 1 , In addition, the subscript c in the formula above is an integer of 1 to 3 and the subscript n Is 
0 or 1 . 

[0038] Examples of the siialkylene oligosiloxane containing silicon-bonded hydrogen atoms include trimethoxysilyle- 
thyl(dime)hylsiloxy)dlmelhyl8ilane. trlethoxysllylethyl(dimethylsil(3xy)dlmethylsilane, tripropoxysilylethyl(dimethyisi- 
loxy)dlmethylsllane, and other lrialkoxysilylethyl(dialkylsiloxy)dialkylsilane compounds; trimethoxysllylethyl <melhylbis 
(dlmethylsiloxy)siloxy) dimethylsilane, triethoxysllylethyl {methylbls(dlmethylsiloxy)siloxy)dimethylsllane, tripropoxysl- 
lylathyl{methylbls(dlmethylslloxy)siloxy}dimethylsilane, and other trialkoxy6ilylethyl{alkylbl8(dialkyl8lloxy}siloxy}di- 
alkylsilane compounds; trimethoxysllylethiyl {tris{dlmethylslloxy)slloxy}dimethytellane, trieBioxysilylethyKtris(dimelhyl- 
slloxy)siloxy)dNTnethyl6ilane, trlpropoxyellylethyl{trls(dlmethylslloxy)slloxy}dlm6thylsilane, and other trialkoxysilylethyl 
{tris(dialkylslloxy)sl!oxy)dlmethylsilane compounds; and bls(trimethoxysllylethyldimethylslloxy)methyl(dimethylsiloxy) 
silane, bls(trlelhoxy8llylethyldimethylslloxy)methyl(dimethylsiloxy)silane, bls(trlpropoxysilylelhyldimethylsiloxy)methyl 
(dimethylslloxy)silane, and other bls(trialkoxysilylethyldialkylsiloxy}alkyl(dialkylsiloxy)silane compounds. 
[0039] In addition, the hydrocarbon compound is characterized by having one aliphatic double bond per molecule 
and is preferably a hydrocarbon compound comprising 2 to 20 carbon atoms and having one aliphatic double bond 
per molecule, and especially preferably a hydrocarbon compound comprising 6 to 20 carbon atoms having one aliphatic 
double bond per molecule. There are no limitations concerning the molecular structure of the hydrocarbon compound, 
and for example, linear, branched, and cyclic structures are suggested. In addition although there are no limitations 
concerning the position of the aliphatic double bond of the hydrocarbon compound, however the terminal ends of the 
molecular chain are preferable because of the better reactivity. Examples of such hydrocarbon compounds include 
ethylene, propene, l-bulene, 2-butene, 1-pentene. 2-penten6, 1-hexene, 2-hQxene, 3-hexene, 1-heptene, 1-octene, 

1- nonene, f-decene, 1-undecene, 1-dodecene, 1-tridecene, 6-tridecene. 1 -tetradecene, 1-pentadecene, 1-hexa- 
• decene, 1-hepladecene, 1 -octadecene, 1 -nonadecene, 1 -eicocene, and other linearaliphatic hydrocarbon compounds; 

2- methylunclecene and other branched aliphatic hydrocarbon compounds; cyciododecene and other cyclic aliphatic 
hydrocarbon compounds; and 2-(2,4,6-trimethylphenyl)prDpene and other aromatic containing hydrocarbon com- 
pounds containing aliphatic double bonds. Preferred are linearaliphatic hydrocarbon compounds. 

[0040] The hydrosilation reaction catalyst promotes the addition reaction in the above-mentioned preparation proc- 
ess. For example, catalysts based on Group Vlll metals are suggested, with platinum catalysts being preferable. The 
platinum catalysts are exempfifisd by chloroplatlnlc acid, alcohol solutions of chloroplatlnlc acid, olefin complexes of 
platinum, alkenylsitoxane complexes of platinum, and carbonyl complexes of platinum. 

[0041] Although in the preparation process there are .no limitations concerning the molar ratio of the hydrocarbon 
compound and sllalkylene oligosiloxane, preferably the hydrocarbon compound is reacted in the amount of 0.6 to 1.5 
mol, and especially preferably in the amount of 0.96 to i.i mol per 1 mol of the sllalkylene oligosiloxane. 
[0042] The process for treating the surface of componait (C) with component (D) is exemplilied by a process in 
which after spraying component (C) with component (D) or a solution thereof at room temperature to 200''C while 
stirring In an agitator, the powder is dried; and a process in which after mixing component (C) with component (D) or 
a solution thereof In an agitator, the mixture is dried. In addition, the surface of component (C) can be treated with 
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component (D) by a method in which irealmenl is carried out in-sttu (the integral blending method) by adding component 
(C) and component (D) to component (A). In the integral blending method, there remains a portion of component (D) 
that does not contribute to the surface treatment of component (C), but if this does not create any particular problems 
it may be allowed to remain in the thermally conductive silicone rubber composition as is. 

5 [0043] When the surface o( component (C) is pre-treated with component (D), there are no limitations concerning 
the amount of component (D) used for treatment, but preferably It Is 0. 1 to 1 0 parts by weight, and especially preferably 
0,1 to 5 parts by weight per 1 00 parts by weight of component (C), This is due to the (act that If the composition contains 
a large amount of component (C), when the content of component (D) Is below the lower limit of the above-mentioned 
range, the handling properties and moldability of the resultant thermally conductive silicone rubber composition may 

fo deteriorate and component (C) may easily undergo precipitation and separation in storage, and if it exceeds the upper 
limit of the above-mentioned range there is no appreciable difference in terms of treatment effects. In addition, when 
the surface of component (C) is treated in accordance with the integral blending method, or when only component (D) 
Is introduced in the thermally conductive silicone rubber composition, there are no limitations concerning the content 
of component (D), but preferably it is 0.1 to 10 parts by weight, and especially preferably, 0.1 to 5 parts by weight per 

»5 too parts by weight of con^onent (C). This is due to the fact that when the content of componeni (D) is below the 
lower limit of the above-mentioned range and a large amount of component (C) Is introduced Into the composition, Ihe 
handling properties and moldability of the resultant thermally conductive silicone rubber composition may deteriorate 
and component (C) may easily precipitate and separate in storage, and when the upper limit o1 the above-mentioned 
range is exceeded the physical properties of the resultant thermally conductive silicone rubber composition may de- 

20 teriorate. 

[0044] Furthermore, so long as the object of the present invention is not impaired, fumed sINca, precipitated silica, 
fumed titanium oxide, and other fillers; fillers obtained by treating the surface of the above fillers with organosillcon 
compounds to render them hydrophobic; acetylene compounds, hydrazine compounds, phosphine compounds, mer> 
captan compounds, and other addition reaction inhibitors; pigments, dyes, fluorescent dyes, heat resistant additives, 
^5 flame retardancy-imparting agents except for triazole compounds, plasticizers. and adhesion promoters can be added 
to the present composition as other optional components. 

[0045] There are no limitations concerning the method used to cure the present composition, and for example sug- 
gested is a method In which after molding the present composition It Is allowed to stand at room temperature; and a 
method in which after molding the present composition is heated to 50 to 200°C. In addition, although there are no 
30 limitations concerning the physical properties of the thus obtained silicons rubber, which may be for example extremely 
hard rubber or rubber oi low hardness, in other words, gel-like rubber. From the standpoint of firm adhesion of the 
resultant silicone. rubber to components as a heat dissipating material, as well as excellent handling properties, its 
Type E durometer hardness according to JIS K 6253 should preferably be within the range of from 5 to 90. 

35 Application Examples 

[0046] The thermally conductive silicone rubber composition of the present invention Is explained in detail by referring 
to application examples. The characteristics indicated In the application examples are values obtained at 25''C. In 
addition, the characteristics of themially conductive silicone rubber compositions were measured In the following man- 



Panetration of themany conductive silicone rubber composition 

[0047] The 1/4 cone penetration of the composition was measured by placingthethemnally conductive silicone rubber 
« composition in a 50-mL glass beaker In accordance with the method specified In JIS K 2220. In addition, It should be 
noted that a large penetration value points to a considerable plasticity of the silicone rubber composition and nneans 
that It has superior handling properties. 

Moldability of thermally conductive silicone rubbor composition 

50 

[0048] A thermally conductive silicone rubber composition curable by a hydrosilation reaction was sandwiched be- 
tween sheets of 50-nm PET (polyethylene terephthalate) fiim so as to produce a layer with a thickness of 1 mm and 
cured by heating at lOCC for 30 min. After that, the PET film sheets were peeled off and visual examination was 
carried out to determine whether a silicone rubber sheet had been fornied. Evaluation was performed designating 
S5 those cases in which the sheet had been tonned without any problems as O: excellent moldability; those cases In 
which portions of the sheet had come out right and in soma places it had undergone cohesive failure as A: slightly 
interior moldability; and those cases In which a sheet could not be formed due to cohesive failure over a large portion 
. thereof as X: defective moldability. 
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[0049] In addition a condensation reaction curable.theniially conductive silicone rubber composition was coated onto 
a sheet of SO-^m PET film so as to produce.a layer with a thickness o< 1 mm and allowed to stand for 1 week at room 
temperature, whereupon the PET film was peeled off and visual examination was carried out to determine whether a 
silicone rubber sheet had been formed and evaluating In the same manner as above. 

Thermal conductivity of silicone rubber 



[0050] The thermal conductivity of thesllicone rubber was measured in accordance with the hotwire method specified 
In JIS R2616 using Quick Thermal Conductivity MeterModel QTM-^OO from Kyoto Electronics l\Aanufacturing Co., Ltd. 

10 

Hardness of silicone rubber 



[0051 ] The hardness of the silicone rubber was measured as Type E durometer as specified in JIS K 6253. 
[0052] Reference Example 1 . 81 .6g (0.61 mo!) Of 1 ,1 ,3,3-telramelhyldisiloxane were placed in a 300-mL 4-neck 

's flask equipped with a stirrer, a thermometer, a cooling tube, and a dropping funnel under a nitrogen atmosphere. Next, 
a complex of platinum and 1 ,3-clivinyltGtramothyldisiloxano was added such that the amount of platinum metal was 5 
ppm based on the total weight of the reaction mixture. The resultant mixture was heated to 60°C and 60g (0.41 mol) 
of vinyltflmelhoxysilane was added thereto in a dropwise manner over 2 hours while subjecting the reaction solution 
to water cooling and air cooling so as to prevent the temperature of the solution from exceeding GO'C. Upon termination 

^ o( the dropwise addition, the reaction mixture was agitation for 1 hour ait 60*0 and analyzed using gas liquid chroma- 
tography (GLC), as a result of which it was found that tiie reaction had terminated because the vinyltrimethoxysilane 
peak had disappeared. The remaining unreacted 1 ,1 ,3,3-tetramethyldlsiloxane was stripped off under atmospheric 
pressure, and 82g (yield: 71 .6%) of the 83 to 89<'C/1 5 mmlHg fraction was obtained by distillation under reduced pres- 
sure. When the fraction was analyzed using nuclear magnetic resonance (NMR) and infrared spectroscopic analysis 

ss (IR), the fraction was found to be a silalkylene ollgosiloxane described by formula 



CH3 CH3 



OCH3 



H-Si"0~Si-C2H4-Si~OCH3 

CHg CH3 OCH3 



35 The purity of the siloxane, as determined by GLC, was 100yo. 

[0053] Reference Example 2. 15g (0.053 mol) Of the silalkylene oligosiloxane prepared In Reference Example 1 
were placed, under a nitrogen atmosphere, in a 1 00-mL 4-neck flask equipped with a reflux condenser, a themiomeler, 
and a dropping funnel. Subsequently, a complex of platinum with 1 ,3'divlnyltetramethyldislloxane was added thereto 
such that the amount of platinum metal was 0,6 ppm based on the total weight of the reaction mixture. After heating 

40 the resultant mixture to 80*0, 7.8g (0.056 mol) of 1 -decene were added thereto In a drqswlse manner. Upon temnination 
of the dropwise addition, the mixture was agitation for 1 .5 hours at 80 to ISO'C and the reaction mixture was sampled 
and analyzed using GLC, as a result of which It was determined that the rea<^ion had terminated because the peak of 
the silalkylene oligosiloxane prepared in Reference Example 1 had practically disappeared. Low-boiling fractions were 
stripped off under reduced pressure and heating, obtaining 22.1 g (yield: 98.4%) of liquid. The liquid was analyzed 
using HMH and IR and found to be a silalkylene oligosiloxane described by formula 



CH3 CH3 OCH3 

CioH2i-Si-0--Si-C2H4-Si-OCH3 
CH3 CH3 OCH3 

55 The purity of the siloxane, as determined by GLC, was 96.571.. 

[0054] Reference Example 3. An addition reaction was carried out in the same manner as in Application Example 2 
using 20g (0.071 mol) of the silalkylene oligosiloxane prepared in Reference Example 1, a complex of platinum and 
1 ,3-divlnyltetramethyldisiioxane (such that the amount of platinum metal was 0.7S ppm based on the total weight of 
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the reaction mixture), and 6.9g (0.082 mol) of 1 -octene. As a result of after-treatment carried out in the same manner 
as in Reference Example 2, 27.3g (yield: 97.7%) of liquid was obtained. The liquid was analyzed using NIVIR and IR, 
and found to be a silalkylene oligosiloxane described by formula: 



The purity of the siloxane, as determined by GLC, was 100%. 

[0055] Reference Example 4. An addition reaction was carried out in the same manner as in Application Example 2 
using 20g (0.071 mol) of the silaikylene oligosiloxane prepared in Reference Example 1, a complex of platinum and 
1 ,3-divinyitetramethyldlsiioxane (sik^ that the amount of pjaUnum metal was 1 ppm based on the total weight of the 
reaction mixture), and 12.5g (0.075 mol) of 1-dodecene. As a result of after-treatment curled out In the same manner 
as in Reference Example 2, 27.8g (yield: B7%) of liquid was obtained. The liquid was analyzed using NMR and IR. 
and the liquid was found to be a silaikylene oligosiloxane described by formula: 



The purity of the siloxane, as determined by GLC, was 1 00%. 

[0056] Reference Example 5. A surface treated alumina powder was prepared by placing 450 parts by weight of a 
spherical alumina powder with an average particle size of 1 0 p,m, 450 parts by weight of an amorphous alumina powder 
with an average particle size of 2.2 ^m, and 6 parts by weight of the silaikylene oligosiloxane prepared in Reference 
Example 3 described by formula 



in a blender and mixing them for 2 hours at 160°C in a stream of nitrogen gas. 

[0057] Reference Example 6. A surface treated aluminum powder was prepared by placing 450 parts by weight of 
a spherical alumina powder with an average particle size of 10 \im, 450 parts by weight of an amorphous alumina 
powder with an average particle size of 2.2 urn, and 10 parts by weight of methyltflmethoxysilane in a blender and 
mixing them for 2 hours at 1 BO'C in a stream of nitrogen gas. 

[0058] Reference Example 7, A surface treated alumina powder was prepared by placing 450 parts by weight of a 
spherical alumina powderwith an average particle size of 10 (im. 460 parts by weight of an amorphous alumina powder 
with an average particle size of 2.2 (im, and 5 parts by weight of an oligosiloxane described by formula 



CH3 CH3 0CH3 
CeHi7-Si-0-Si-C2H4-Si-OCH; 
CH3 CH3 OCH3 



<3 



CH3 CH3 OCH3 
Ci2H2s-S'-0-Si-~C2H4-Si-OCH3 
CH3 CH3 OCHa 



CH3 CH3 OCH3 
■Si-0-Si-C2H4-Si-OCH3 
CH3 CH3 OCH3 
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in a blender and mixing them for 2 hours at IBO'C in a stream of nitrogen gas. 

[0059] Application Exampie 1 , An addition reaction curabie siiicone rubber composition was prepared by uniformly 
mixing 900 parts by weight of the surface treated aluminum powder prepared in Reference Example 5, 98 parts by 
weight of dimethylpolysiloxane with a viscosity of 930 mPa-s having an average of one silicon-bonded vinyl group per 
molecule (vinyl group content ='o.1i wl%) and having the terminal ends of the molecular chain blocked by dimethyl- 
vinylsiloxy groups and trimethylsilbxy groups, 0.54 parts by weight of a copolymer ol raethylhydrogensiloxane and 
dimethylsiloxanewith a viscosity of 4 mPa-s having both terminal ends of the molecular chain blocked by trimethylsiloxy 
groups (content of silicon-bonded hydrogen atoms = 0.7B wt%), and 0.2 parts by weight of a 1 ,3-dlvinyi-1 ,1 ,3,3-tetram- 
ethyldlsiioxane complex of platinum with a platinum content of 0.5 wt%. The characteristics of the silicone rubber 
composition are shown in Table 1 . 

[0060] Comparative Example 1 . With the exception of using the surface treated alumina powder prepared in Refer- 
ence Example 6 instead of the surface treated alumina powder prepared In Reference Example 5, which was used In 
Application Example 1 , an addition reaction curable silicone rubber composition was prepared in the same manner as 
In Application Example 1 . The characteristics of the silicone rubber composition are shown in Table 1 . 
[0061] Comparative Example 2. With the exception of using the surface treated alumina powder prepared in Refer- 
ence Example 7 instead of the surface treated alumina powder prepared in Reference Example 5, which was used in 
Application Example 1 , an addition reaction curable silicone rubber composition was prepared in the same manner as 
in Application Example 1 . The characteristics of the silicone rubber composition are shown In Table 1 . 
[0062] Comparative Example 3. An addition reaction curable silicone rubber composition was prepared by uniformly 
mixing 450 parts by weight of a epheilcal alumina powder with an average particle size of 1 0 |j.m, 460 parts by weight 
of an amorphous alumina powder with an average particle size of 2.2 jxm, 98 parts by weight of dimethylpolysiloxane 
with a viscosity of 930 mPa-s ha\Hng an average of 1 silicon-bonded vinyl group per molecule (vinyl group content = 
0. 1 1 wt%) and having the terminal ends of the molecular chain blocked by dimethylvinyisiloxy groups and trimethylsiloxy 
groups, 0,49 parts by weight of a copoiymer of methylhydrogenslloxane and dimethylsiioxape with a viscosity of 4 
mPa-s having both terminal ends of the molecular chain blocked by trimethylsiloxy groups (content of silicon-bonded 
hydrogen atoms = 0.78 wt%), and 0.2 parts by weight of a 1 ,3-divinyl-1 ,1 ,3,3-letramethyldl6lloxane complex of platinum 
with a platinum content of 0.5 wt%, The characteristics of the silicone rubber composition are shown In Table 1 . 
[O063] Application Example 2. A silicone rubber base was prepared by placing 95 parts by weight of dimethylpolysi- 
loxane with a viscosity of 360 mPa-s having both terminal ends of the molecular chain blocked by dimethylvinyisiloxy 
groups (vinyl group content = 0.48 virt%), 450 parts by weight of a spherical alumina powder with an average particle 
size of 1 0 ^m, 450 pails by weight of an amorphous alumina powder with an average partksle size of 2.2 \um, and 1 0 
parts by weight of the silaikyiene oilgoslloxane prepared In Reference Example 2 described by formula 

CHg CH3 OCH3 

CioH2i-Si-0-Si-C2H4-SI-OCH3 

CH3 CHg OCH3 

[0064] Next, an addition reaction curable silicone rubber composition was prepared by unifomily mixing 0.87 parts 
by weight of dimethylpolysiloxane with a viscosity of 1 6 mPa-s having both lemiinal ends of the molecular chain blocked 
by dimethylhydrogensiioxy groups (content of silicon-bonded hydrogen atoms = 0.13 wt%), 0.87 parts by weight of a 
copolymer of methylhydrogensiloxane and dimethylsiloxanewith a viscosity of 4 mPa-s having both terminal ends of 
the molecular chain blocked by trimethylsiloxy groups (content of silicon-bonded hydrogen atoms = 0.78 wt%), and 
0.2 parts by weight of a 1 ,3-divinyl-1 .1 ,3,3-tetramethyldisiloxane complex ol platinum with a platinum content of 0.5 
wt% with the entire silicone rubber base. The characteristics of the silicone rubber composition are shown In Table 1 , 
[0065] Comparative Example 4. A silicone rubber base was prepared by mixing 90 parts by weight of dimethylpolysi- 
loxane with a viscosity of 360 mPa-s having both terminal ends of the molecular chain blocked by dimethylvinyisiloxy 
groups (vinyl group content = 0.4B virt%), 450 parts by weight of a spherical alumina powder with an average particle 
size of 10 Jim, 450 parts by weight of an amorphous alumina powder with an average particle diameter of 2.2 urn, and 
5 parts by weight of 3-glycldoxypropyltrimethoxysi!ane, 

[0066] Next, an addition reaction curable silicone rubber composition was prepared by uniformly mixing 0.87 parts 
by weight of dimethylpolysiloxane with a viscosity of 16 mPa-s having both terminal ends of the molecular chain blocked 
by dimethylhydrogensiioxy groups (content of silicon -bonded hydrogen atoms = 0.13 wt%), 0.87 parts by weight of a 
copolymer of methylhydrogensiloxane and dimethylsiloxane with a viscosily of 4 mPa-s having both terminal ends of 
the molecular chain blocked by trimethylsiloxy groups. (content of silicon-bonded hydrogen atoms = 0.78 wl%), and 
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0.2 parts by weight of a 1 ,3-clivinyl-1 ,1 ,3,3-tetramethyldisiloxane complex of platinum with a platinum content ot 0.5 
wt% with the entire silicone rubber base. The characteristics of the silicone rubber composition are shown in Table 1 . 
[0067] Application Example 3, A silicone rubber base was prepared by mixing 94 parts by weigh! of organopolysi- 
loxane consisting of 93.50 mol% of siloxane units represented by the formula: (CH3)gSi02;2, 3,30 mol% of siloxane 
units represented by the (onmuia CHaSiOga. 2.6amol% of siloxane units represented by the formula (CH3)3SiOi/2. 
and 0.60 mol% of siloxane units represented by the formula (CH3)2<CHg=CH)SiOiy2 (vinyl group content = 0.22 wt%), 
450 parts by weigiit of a spherical alumina powder with an average particle size of 10 jim, 450 parts by weight of an 
amorphous alumina powder with an average particle diameter of 2.2 nm, and 5 parts by weight of the sllalltylene 
oligoslldxane prepared in Reference Example 4 described by formula 

CH3 CH3 OCHa 
Ci2H25-Si-0-Si-C2H4-Si-OCH3 
CH3 CH3 OCHa 

[0068] Next, an addition reaction curable silicone rubber composition was prepared by unifomnly mixing 6.03 parts 
by weight of dimsthylpolysiloxane with a viscosity 0/ 1 6 mPa-s having both temiinal ends of the molecular chain blocked 
by dimethylhydrogensiloxy groups (content of silicon-bonded hydrogen atoms = 0.13 wt%) and 0.2 parts by weight of 
a 1 ,3-divlnyl-1 ,1 ,3,3-tetramethyldl8iloxane complex of platinum with a platinum content of 0.5 wt% with the entire sili- 
cone rubber bas9. The characteristics of the siiioone rubber composition are shown in Table 1 . 
[0069] Application Example 4. A silicone rubber base was prepared by placing 94 parts by weight of dimethylpolysi- 
loxane with a viscosity of 700 mPa-s having both terminal ends of the molecular chain btoclted by trimethoxysiloxy 
groups, 450 parts by weight of a spherical alumina powder with an average particle size of 10 urn, 450 parts by weight 
of an amorphous alumina powder with an average particle size of 2.2 [im, and 5 parts by weight of the silalkylene 
oligosiloxane prepared in Reference Example 4 described by fonnula 

CH3 CHa OCH3 
Ci2H25-S'-0-Si-C2H4-Si-OCH3 
CH3 CH3 OCH3 

Next, a condensation reaction curable silicone rubber composition was prepared by unitonmly mixing 3 parts by weight 
of methyltrimethoxysilane and 3 parts by weight of tetra(n-butyl) titanate with the entire silicone rubber base. The 
characteristics of the silicone rubber composition are shown in Table 1. 

[0070] Comparative Example 5. A silicone rubber base was prepared by forming a mixture comprising 84 parts by 
weight of dimethylpolysiloxane with a viscosity of 700 mPa-s having both temiinal ends of the molecular chain blocked 
by trimethoxysiloxy groups, 450 parts by weight of a spherical alumina powder with an average particle size of 1 0 p.m. 
450 parts by weight of an amorphous alumina powder with an average particle diameter of 2.2 (im, and 3 parts by. 
weight of 3-glycidoxypropyltrimethoxysilane and carrying out preliminary mixing. 

[0071] Next, a condensation reaction curable silicone rubber composition was prepared by uniformly mixing 3 parts 
by weight of methyltrimethoxysilane and 3 parts by weight of tetra(n-butyl) titanate with the entire silicone rubber base. 
The characteristics of the silicone rubber composition are shown in Table 1 . 



Table 1 



Parameter 


Appl. 
Ex. 1 


Appt. 
Ex. 2 


Appl. 
Ex. 3 


Appl. 
Ex.4 


Gomp. 
Ex. 1 


Comp. 
Ex.2 


Ex. 3 


Comp. 
Ex,4 


Comp. 
Ex. 5 


Penetration 
(mm/10) 


82 


80 


95 


77 


38 


22 


18 


15 


30 


Moldabillty 


0 


0 


0 


0 


X-A 


X 


X 


X 


X-A 



14 



EP 1 162 239 A2 



Table 1 (continued) 



Parameter 


Appl. 
Ex. 1 


Appl. 
Ex.2 


Appl. 
Ex. 3 


Appl. 
Ex.4 


Comp. 
Ex. 1 


Comp. 
Ex.2 


Comp. 
Ex.3 


Comp. 
Ex.4 


Comp. 
Ex. 5 


Thermal 

Conductivity 

(W/m-l<) 


4.4 


5.3 


4.4 


4.3 


4.0 








4.4 


Hardness 


43 


40 


52 


45 


57 








30 



Claims 

1. A themially conductive silicone rubber composition comprising (A) a curable organopoiysiioxane, (B) a curing 
agent, and (C) a thermally conductive filler surface treated with (D) a silalkylene oligosiloxane described by formula 
(I) 



(I) 

b 

where R1 is a monovalent hydrocarbon group having at least two carbon atoms that does not have aliphatic un- 
saturated bonds, each is an independently selected monovalent hydrocarbon group comprising 1 to 10 carbon 
atoms that does not have aliphatic unsaturated bonds, is an all<ylene group comprising at least two carbon 
atoms, is an alkyl group, a Is an integer of 0 to 2 and b is an integer of 1 to 3, Vi^ith the proviso that a+b Is an 
Integer of 1 to 3, c is an integer of 1 to 3, and n is an Integer of 0 or 1 . 

2. A thermally conductive silicone rubber composition comprising (A) a curable organopolyslloxane, (B) a curing 
agent, and (C) a thermally conductive filler, and (D) a silalkylene oligosiloxane described by formula (1) as defined 
in claim 1 . 

3. The thermally conductive silicone rubber composition according to claim 1 , where the amount of component (D) 
used for the treatment of component (C) is 0.1 to 10 parts by v/eight per 100 parts by weight of component (C). 

4. The thermally conductive silicone rubber composition according to claim 2 comprising 0.1 to 10 parts by weight 
component (D) per 100 parts by weight of component (C). 

5. The thermally conductive silicone rubber composition according to any of claims 1 to 4, where component (C) is 
an alumina powder. 

6. The thermally conductive silicone rubber composition according to claim 5, where component (C) comprises a 
mixture of (C-1) a spherical alumina powder with an average particle size of Irom 5 |im to 50 jim and (C-2) a 
spherical or amorphous alumina powder with an average particle size of from 0.1 p/n to 5 \in\. 

7. The thermally conductive silicone rubber composition according to claim 6, where component (G) comprises 30 
to 90 virt% of component (C-1) and 10 to 60 wt% of component (C-2). 

8. The thermally conductive silicone rubber composition according to any of claims 1 to 7, comprising 500 to 2,500 
parts by weight component (C) per 100 parts by weight of component (A). 

9. The thermally conductive silicone rubber composition according to any of claims 1 to 8, where the thermally con- 
ductive silicone rubber composition is cured by a hydrosilation reaction, a condensation reaction or a combination 
of hydrosilation and condensation reactions. 
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10. A thermally conductive silicone rubber composition formed from a mixture comprising <A) a curable orgar>opoly- 
siloxane, (B) a curing agent, and (C) a thennally conductive filler, and (D) a silalkylene oligosiloxane described by 
formula (I) as defined in claim 1 . 



